The regions from positions 1391 to 1545 and 1620 to 1865 (Escherichia coli numbers) of the 23S ribosomal DNA sequences have been analyzed for a number of Pseudomonasfluorescens and P. putida isolates. Variability was observed only in three smaller regions from positions 1484 to 1508, 1531 to 1542, and 1714 to 1748, corresponding to helices 58, 59, and 63, respectively, where up to 53% dissimilarity was found. Sequence analysis did not allow clear distinctions among P. fluorescens biovars, P. chlororaphis, and P. putida biovar B.
Pseudomonasfluorescens and P. putida are widely distributed in the soil and rhizosphere (15, 16) . In spite of diverse phenotypic traits, such as carbon source utilization, cellular fatty acid profiling, denitrification ability, and pigment formation (13), identification to the biovar level has been difficult (1, 15, 16) .
The availability of 16S and 23S rRNA sequence data has allowed us new insight into bacterial systematics for a large number of phyla (9, 11, 17) . We have investigated the potential of rRNA analysis for differentiation of P. fluorescens and P. putida subgroups. Two selected regions of 23S ribosomal DNA (rDNA) were used in this work, since there generally appears to be a higher degree of sequence variation within 23S rRNA than within 16S rRNA (12) . The (16) .
The fluorescent pseudomonads were predominantly selected from soil and rhizosphere isolates, and some isolates of aquatic origin were included to obtain a complete representation of P.
fluorescens biovars ( (6) . Nucleotide sequencing was done by the dideoxynucleotide method by using reverse transcriptase and 23S rRNA as the template (7) and the oligonucleotide primers 5'-CCTTCTC CCGAAGTTACGG-3' (1703, reverse) and 5'-AACTTACC CGGCAAGG-3' (1956, reverse).
Alignment and comparison to other sequences was performed with the ae2 alignment editor (8) .
The regions sequenced for each isolate are given in Table 1 . Sequences were obtained in the 5'-to-3' direction of 23S rDNA. For isolates 7 and MM6, sequences in the region 1225 to 1430 were confirmed by sequencing of the reverse DNA strand. For selected isolates (Table 1) , sequencing data were also confirmed by direct sequencing of rRNA. For the majority of isolates, the 23S rDNA sequences were obtained for regions 1391 to 1545 and 1620 to 1865. The sequences have been submitted to The Ribosomal RNA Database, University of Illinois, Urbana (8). Lane [6] ). In the intervening regions, which covered approximately 80% of the sequence, 100% homology was found. In comparison of the P. fluorescens-P. chlororaphis-P. putida biovar B group to P. cepacia, P. aeruginosa, and Escherichia coli, a high degree of variability was found in the three variable regions as well as in the intervening sequences (Table 2 ). This was in accordance with present information of 23S rRNA sequence variability (6). The variability among P. fluorescens, P. chlororaphis, and P. putida biovar B in variable regions was smaller than the variability among the other bacteria included in this analysis ( sequence variation between major and minor clusters (Fig. 1) .
Approximately one-third of the strains had similar cluster patterns for all three regions, since strains 5 (P. fluorescens I), 37 and 39 (P. fluorescens V/VI), 114 (P. chlororaphis), and A53 (P. putida) all grouped into the main cluster for each region. The two P. fluorescens biovar IV isolates 27 and 30 and the two biovar III isolates 15 and 18 consistently grouped together in the same minor cluster. Another third of the isolates had identical clustering patterns for two regions, and the rest of the isolates differed among the three regions with respect to clustering pattern. P. fluorescens biovar III isolates were found in all three clusters in all three regions. Furthermore, except for the two P. fluorescens biovar IV isolates, isolates 27 and 30, which always occurred in the same minor cluster, the strains from the other P. fluorescens biovars, P. chlororaphis, and P. putida biovar B all grouped together within the three major clusters. These data strongly indicate a lack of correlation between 23S rDNA sequence pattern and the classification based on biochemical tests and SDS-PAGE profile ( Table 1) . The separate position of P. fluorescens biovar IV strains and the existence of several groups within P. fluorescens biovar III was also observed by Champion et al. (2) by the rRNA competition hybridization method.
Comparison of variable regions of helices 58 and 59 (Table  2 ) showed a close relationship between P. syringae and P. fluorescens-P. chlororaphis-P. putida biovar B, although P. syringae also differed from these bacteria in the conserved regions (Table 2) .
A close 16S rRNA sequence similarity among bacteria from Pseudomonas rRNA group I (O to 2% variability) has been reported (11) . For the two regions of 23S rDNA (Table 2) , the average sequence differences were higher, which is in accordance with the generally higher sequence variability of certain regions of 23S rRNA than those of 16S rRNA (12) . The clustering pattern of P. fluorescens, P. chlororaphis, and P. putida biovar B strains obtained within the three variable regions (helices 58, 59, and 63) of 23S rDNA was quite different from the clustering pattern based on phenotypic classification. This is in contrast to the good agreement obtained between genotype (RNA competition hybridization method) and phenotype for 89% of the P. fluorescens and P. putida strains analyzed by Champion et al. (2) . No classification (Table 1) or their sequence pattern (Fig. 1) could be deduced from the data.
In conclusion, this set of data derived from sequencing of 23S rDNA regions 1391 to 1545 and 1620 to 1865 is inconsistent with the classical chemotaxonomy of the fluorescent pseudomonads. Furthermore, it failed to provide a basis for distinguishing between P. fluorescens, P. chlororaphis, and P. putida biovar B and to differentiate among the biovars of P. fluorescens. Whether P. fluorescens biovars can be distinguished on the basis of rRNA sequences cannot be determined until we have the ability to compare longer stretches of rRNA sequence for a range of P. fluorescens strains encompassing the biovar groups.
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